Introduction 27
Dengue, a Flavivirus, and Chikungunya, an Alphavirus, are transmitted by arthro- Dengue occurs in an urban transmission cycle encompassing mosquitoes and 35 humans, and due to reintroduction of A. aegypti into urban environments, dengue 36 incidence has risen dramatically. There are four major serotypes of dengue and 37 infection with one does not confer immunity to another. A. albopictus can be an change of larvae to pupae and death, described, respectively, by the changing σ l and 3 the mortality µ l rates. The number of pupae in time t, denoted by P , increases with 4 change of larvae to pupae (σ l ) and decreases according to transformation of pupae 5 to adult mosquitoes and death, described, respectively, by the emerging σ p and the 6 mortality µ p rates. Finally, the number of female mosquitoes increases according to 7 the emerging of pupae (σ p ) and decreases according to the mortality rate µ f . sizes N and M do not vary with time, the total transmission coefficients areβ h and
In the modeling, the caught up of infectious humans by public health agents 3 is considered. These infectious individuals are then considered "removed" from the obtain thresholds of eradication of dengue propagation.
10
The summary of parameters regarded to the arboviruses transmission and
11
respective values are given in Tables 2 and 3 . In Table 2 gunya (see below for details regarding to values associated to these parameters).
18
The superscripts d and c stand for dengue and chikungunya. 
Dynamics of arboviruses transmission

20
Let the size of human population at time t, denoted by N , obeys the Malthus law.
21
Hence, it varies according to the difference between natality and mortality rates 22 denoted by φ h and µ h , respectively, that is,
Taking into account this equation, the equations for the fractions of humans result,
24
for instance for the fraction of susceptibles s = S/N , in arboviruses transmission among mosquitoes is described by
while for humans, by
where the decoupled fraction of immune humans is given by
(for simplicity, caught up individuals go to the recovered compartment). states of the model are determined, and the stability of these points is assessed. 
Equilibrium points 7
There are three equilibrium points: absence of mosquito population, trivial and 8 non-trivial. The equilibrium point P ab , which corresponds to the absence of mosquito popula-11 tion in a community, is given by
This steady state describes a community before the colonization by mosquitoes, or 13 a community that eliminated the mosquitoes. are not circulating. The trivial equilibrium point P 0 , or DFE, is given by
where l * , p * and m * are given by
with the offspring number Q being given by
Note that mosquito population exists if Q > 1. Otherwise, mosquito population is 2 eliminated, and there is only human population, which is described by equilibrium
When control mechanisms are removed (ρ l = 0 and ρ m = 0), we have the basic 5 offspring number Q 0 , which is given by
This number Q 0 is interpreted as follows. One (female) egg must hatch (with prob-7 ability q) and survive successively the larva (with probability σ l /(σ l +µ l )) and pupa
8
(with probability σ p /(σ p + µ p )) phases, and then emerges as a female adult. This 9 female mosquito lays on average f φ/µ m (female) eggs during her entire lifespan.
10
Hence, Q 0 is the average number of female mosquitoes generated by a single female 11 mosquito.
12
Suppose that Q 0 > 1. The reproduction number Q can be rewritten as
and controlling parameters ρ l and ρ m decrease the basic reproduction number Q 0
14
(the third controlling parameter k c decreases the number of mosquitoes). When 
where m * 2 and i * 2 are given by
with the reproduction number R being given by
where the partial reproduction numbers of arboviruses in humans and mosquitoes
(3.6)
Note that this endemic equilibrium is biologically feasible and is unique for R > 1
3
and Q > 1, the latter condition resulting from m * > 0. number R 0 is given by
Biological interpretation of the basic reproduction number R 0 follows, defining
is the average number of infectious humans (infected and become infectious (1) Absence of mosquito population P ab -Always exists.
11
(2) Free of arboviruses infection P 0 -It exists if Q > 1.
12
(3) Endemic arboviruses infection P * -It exists if Q > 1 and R > 1. 
Stability analysis 14
The stability analysis is performed with details for the trivial equilibrium point. In 
17
The Jacobian matrix evaluated at the DFE, named J 0 = J(P 0 ), results in
The matrix F is given by F = F 1 − V , where the disease transmission matrix F 1 is
and the diagonal transition matrix V is . (3.8)
The matrix J 1 is
with the matrices M and H being given by
Note that matrix F encompasses the disease transmission parameters, while matri- 
8
The local stability of DFE is assessed by the eigenvalues of the characteristic 9 equation det(J − λI) = 0, where
The eigenvalue corresponding to vital dynamics matrix of humans H is λ 1 =
11
−µ h .
12
The characteristic equation corresponding to vital dynamics matrix of
where the coefficients are
with Q being given by Eq. (3.2). The difference a 2 a 1 − a 0 can be evaluated,
Hence, the eigenvalues λ 2,3,4 have negative real part since all the Routh-Hurwitz The last matrix F must be analyzed to establish the stability of DFE. Two 7 methods are applied in order to achieve this goal. The characteristic polynomial corresponding to arbovirus transmission matrix F is
which is a 6th degree polynomial, with the independent term, obtained from Λ 0 = 11 Λ(0) = det(F ), being given by
where θ > 0 is given by
and R is given by Eq. (3.5). All Routh-Hurwitz criteria corresponding to 6th degree 14 polynomial that assure negative real part for all eigenvalues are extremely com- Leite et al. [4] , the independent term is Λ 0 > 0 when R < 1, and all Routh-Hurwitz 18 criteria should be satisfied, resulting that all eigenvalues λ 5,...,10 have negative real 19 part.
20
Therefore, the trivial equilibrium P 0 is locally asymptotically stable for Q > 1
21
and R < 1. At R = 1, there is a forward bifurcation, from P 0 to P * . 
which is the reproduction number given by Eq. (3.5).
13
However, there is a second way of constructing vectors f and v as
and differentiating with respect to the variables (m e , m 1 , m 2 , e, i 1 , i 2 ), the matrices 2 F 1 and V are given by 
.
Evaluating the next generation matrix Eq. (3.11) is ρ(
The conjecture presented in [13] says that the 1 spectral radius is not the basic reproduction number, but it is the geometric mean 2 of the partial reproduction numbers.
3
With respect to the equilibrium point P ab , the local stability is determined by 4 the previous matrices F 1 (letting m * = 0), V and H, but matrix M is given by
which has corresponding eigenvalues with negative real part if Q < 1. Summarizing, the conditions for the stability of the equilibrium points are
7
(1) Absence of mosquito population P ab -Always exists, but is stable if Q < 1. 
Comparing Dengue and Chikungunya Infections
13
Common values for dengue and chikungunya infections were presented in Tables 1 14 and 2. In Table 2 , it was assumed that the intrinsic and extrinsic incubation rates 
16
Values assigned in Table 3 
26
For chikungunya, the periods are (in days) (σ Table 3 ). For dengue (super- 
30
The controlling parameters ρ Table 3 ), it is assumed that ρ Table 3 ). The infectious rates at stage 1 among 
11
Based on values given in 
For chikungunya, R m c is given by Table 3 ).
Difference in
3
The partial reproduction number for dengue due to humans R given in Tables 1, 2 and 3, by letting zero to all controlling parameters, the basic 12 reproduction number R 0 is given in Table 5 . The basic reproduction numbers R 0
13
for dengue and chikungunya are almost four times the corresponding reproduction 14 numbers R (see Table 4 ). where N 0 is given in proposed in [4] to obtain the reproduction number R. However, the next genera- Tables 1, 2 and 3, the analysis of the model resulted in a higher 11 risk for chikungunya (see Tables 4 and 5 
